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An investigationwasconductedto deteminetheoccurrenceand
natie of lamellarstructuressndminorphases,bytheuseofmetallo-
graphicandX-raycliffractionstudies,ofthefollow3ngcobalt-baae
high-temperaturealloys:rolled,cast,andhigh-carbonStellite21,
422-19,X-63,6059,61,X-40,S-816,I-336,andJ.

Themicrostructureofas-castalloysweregenerallyfoundto con-
tainInterdendriticminorphases,manyofwhicharelow-meltingeutec-
tics;inaddition,castStellite21,422-19,61,andX-40contained
peemliticstructures.Theonlyas-rolledalloystudied,Stellite21,
containedlargecarbidespheroids.Ilnemicroconstituentsinsuchforms
aspearliteandfeatherystructuresreadilydissolvedintothematrix
uponsolutiontreatment.Ingeneral,alloyswithhighcarboncontent “
(O.36percentandabove)andthosewithtantalumandniobium,contained
appreciablequantitiesofundissolvedlargecarbidesafterthesolution
treatment.Imellarstructureswereproducedineightof theeleven
alloysbyheattreatments.

Inmolybdenum-bearingalloysitwasfoundthatthetemperatureat
whichlamellarstructuresfirstformeddecreasedwithdecreasingchromi-
um content.Tungstenappearedto lowerthetemperatureof lamellar
precipitation,whereasnickelhadnonoticeableeffectonthe
transformation;

TheX-raydiffractionpatternsindicatedoneormoreofthefollow-
ingminorphasesineachofthealloys:TaC,CbC,Cr3C2,Cr7C3jCr23c6>
M6C,Cr2N,Cr203typeoxides,spinels,andthesigmaphase.Someofthe
carbideslistedaschromiumcarbidescouldcontaincarbideformeraother
thanchromium,whileothercarbidescouldcontainnitrogen.Sigmaphase
patternsappearedstrongestwhenlargenumbersof carbideswerealso
presentandcarbideprecipitationmayhavefacilitatedtheformation
of si~ phase.Themostprevalentcarbideindicatedwas&23C6.
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Signsphasewasthoughttoforminconjunctionwithor subsequenttothe
formationofCr23C6inheat-treatedStellite21.

Therelativequantitiesofthematrixphases,eitherthehigh-
temperaturephase,alpha(aface-centeredcubicsolidsolution)orthe
lowertemperaturephase,beta(hexagonalclose-packedsolidsolution),
wereestimatedfromtheX-raydiffractionpatternsineachalloyin
variousconditionsafheattreatment.

Studiesofpeerliticstructuresindicatedthatoneofthephases
ofthepearliteconsistedpredominantlyofthecarbideCr23C6.The
otherph~e ofthepearliticstructuzewasindicatedtobe relatedto
thebetamatrixphase,butpositiveidentificationcouldnotbemade.

IN’lRODUCTIOll

Themicrostructureof severalcobalt-basealloysme knownto
containdifferentcarbidesand,insomecases,a pearliticstructure
similartothatfoundinsteels.Severalofthecommerciallyused
alloys,andinparticular,Stellite21,areknownto respondtoheat
treatmentsand,h fact,theoperatinglivesof cast,heat-treated
Stellite21turbosuperchtigerbladeshavebeendoubledby suitableheat

- treating.Thebestperformanceofheat-treatedturbosuperchargerblades
wasassociatedwithpearliticmicrostructure(ref.1).

BadgerandSweeney(ref.2)observedpearliticstructuresin
suchcobalt-basealloysas 61}6059~andX-40(Stellites23,27,and
31,respectively)andthecarbidesM23C6,KC, andCr7C3inStelllte21
(whereM representsanycmbide-formlngelement).Reference3 reports
M23C6andMC carbidesincobalt-baseal.loYs;M=C6, M6C,Cr7C3,and
thesigmaphasewerefoundinStellite21andStellite21typealloys
(ref.4). SuchcarbidesasCr3C2,Cr23C6,KC, Cr7C3,andMCwereob-
servedinoneormorealloyssuchasStellite21typealloys,422-19,
andJ (ref.5). Alsointroducedinreference5 isa conceptofcarbide
decomposition:Cr7C3,whichisrichin
thefollowingdecompositionuponaging:

c&7c3———— cr23c6+

carbon,wasbelievedtoundergo

freecarbon

Ereec=bon+ Cr~ additionalti23c6

Thematrtiphasesof severalaPthesealloysexeknown(refs.2,4, and
6)tobe eitherface-centeredcubic(alpha)orhexagonalclose-packed
(beta).

.
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Theinvestigationreportedhereinwasconductedto determinethe
occurrenceandnatureof lamellarstructuresandminorphasesinthe
followingcobalt-basedalloys:rolled,cast(Al&S5385A),andhigh-
carbonStellite21,422-19(AMS5380),X-63,6059(AMS5378),61
(AMS5375),X-40(AMS5382),S-816(Al&5765),I-336,andJ. ItWaS
intendedto determinetithebetaphase(hexagonalclosepacked)or
carbonisnecessaryforpesrliteformationandifpearliticstructures
weretheresultofa eutectoiddecomposition,andalsoto considerthe
effectsoftheprincipalalloyingel&ents
structure.

MNHMUIU, APMRATUS,AND

Materials.- Chemicalcompositionsof

ontheformationof lamell~

PJmmmRE

theelevenalloysinvesti-
gatedarelistedintableI an;were, ‘-forthemostpart,s-~liedby
themanufacturers.Specimenswerecutfromrootsofcastturbine
bladesinthecasesofalloys2,3, 5, 9,and11 (tableI);fromcylin-
dricallyshapedcastingsforalloys4, 6,7,8,&d 10;andfromrolled
barstockforalloy1. Allspecimenswereapproximately3/16inch
thickand0.2inchsquareincross-sectionalsxea.

Heattreatment.- Thespecimenswereseparatedintosixgroups,
eachgroupcontainingonespecimenfromeachoftheelevenalloys.One
$rouPwasexaminedintheas-receivedcondition.Eachof therematiing
fivegroups,hereinafterdesignatedasA, B, C,D, andE wasfastened
togetherwith~conelwirestrungthroughl/16-inchholesandheat-
treatedina zirconcotiustiontubefurnaceina driedargonatmosphere.
Thespecimenswerefoundtobe lightlyscaledendtheedgesdecarburized
asa resultofloadingandunloadingthefurnace.Thetemperatureof
thespecimenswascontrolledtowfthin*5°F bymeansof platinum-
platinum-rhdiumthermocouples.

GroupsA, B, C, andD weresimultaneouslysolution-treatedata

temperatureof 2250°F for41~hoursandsubsequentlycooledto various

isothermallevelsasthefurnacetemperaturewasloweredinthesteps
indicatedbyfigure1. GroupA wasremovedafterthesolutiontreat-
mentandquenchedinbrine,whereasgroupsB, C, and.D werequenched.in
brinefrom2000°,1900°,and1800°F, respectively,afterbeingheld
for2 hoursattheirrespectivetemperatures.Becauseof anaccident,
groupE washomogenizedfor17hoursratherthan41hoursandsubse-
quentlyheat-treatedas showninfigure1.

Metallographicexaminationsd theheat-treatedspecimens~ust
describedindicatedthatlongertimesattemperaturesbelow1800°F
mightproducemoreprecipitationin alloysX-63,6059,and51,and
thata lowersolution-treatingtemperaturewouldlessentheextent

- ——. —_______ __—— .. . ___ ——— — ..—
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of eutecticmeltingwhichhadoccurredinalloyJ at2250°F. There-
fore,thesealloyswerereheat-treated(groups1?sadG) as shownin
figure2. Ihthisseriesofheattreatments,anInconel(ratherthan
a zlrccm)combustiontubewasusedastheheat-treatingchmuberofthe
furnacetodecreasedecarburizationof specimens.

Metallographicexaminations.- Specimenswerepreparedforexami-
nationby standanlmetallographictechniques.Thephotomicrographsof
figures3 to 13wereoriginallymadeatthemagnificationsindicated a
undereachfigure.However,a reductionof 20percentwasmadeduring oN
publication. o

X-raydiffractionstudies.- To identifythecrystalstructuresof
matrixandminorphases,X-raydiffractionpatternswereobtainwifrom
as-receivedandheat-treatedspecimensE withonlya fewexceptions.
TheE specimenswerechosenbecausetheycontainedthegreatestquanti-
tiesofprecipitatesas shownbymetallographicexaminations.

PowdersfortheX-raydiffractionstudiesweregroundfromspeci-
menswitha smalltungstencarbideburrmountedina high-speed@Ill
pressandwerestress-reliefannealedat 1500°1?for1/2hourInevacu-
atedquartztubes(0.5micronpressure).A temperatureof 1500°F
wouldappearhigh;however,thisstress-relievingtreatmentwasof such
duratimthattheX-rayresultswerefoundtobeuhchanged.Thean-
nealedpowdersweremountedona finequartzfiberandpatternswere
obtainedwitha 143.2-mill@ter-diemeterDebey-Scherrerpowdercamera
andchromiumradiation.Ecposuxetimesof25to40hourswereused
andonethirdofthewidthofeachpatternwasfilteredwitha mnadium
oxidecoatedpaperstrip.Thepatternsweremeasuredwitha vernier
scaletothenearest0.1millh.eter.TheStraumanistechnique(ref.7)
wasus6dto compensateforfilmshrinkage.

Identtiicationsofminorphasesweremadeby comparingthepat-
ternsobtainedwithstandardpatternsofcarbidesandintermetallic
compoundsthatappearedreasonableonthebasisofcompositionand
whicherelistedintheA.S.T.M.cardindexor intheliterature(see
tableII). Onlythestrongerllnesofthestendardpatternswereused
forthecomparisons.Theanalysisofthepatternsweredifficultbe-
causeoftheweakness,thegreatnumber,andtheoverlappingofthe
diffractionlines.Thesedifficultiesprohibitpositivestatements
thateveryminorphaselistedintheresults(tableVIII)actuallywas
present.

Concentrationtechniquesattempted.-Attemptsto strengthenthe
minorphaselinesrelativetomatrix-phaselinesinordertopermit
morepositiveidentificationswerealsomade. Such”techniquesas
sievingofpowdersandpartialdigestionofpowdersweretriedbut,
ingeneral,thepatternswerenotimproved.A methmiwhichconsisted
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inpolishingandreliefetchingspectiensto causeminorphasesto
standinrelief,followedby grindingwitha burr,didstrengthenthe
minorphaselinesbutanalysisofthepatternsdidnotresultinthe
detectionofadditionalminorphases.

SupplemmtaryX-rwstudiesofheat-treated,rolledStellite21.-
RolledStellite21invariousheat-treatedconditionswasselectedfor
a moredetailedinvestigationm a “typical”cobalt-basealloy.Further-
more,sinceitwashot-rolled,itsfinegrainsize(A.S.KC.M.7-8)would
permitbettercontrold themicrostructurebyheat-treating.

As shownintableIII,powderspecimensgivenheattreatmentsM,
O,P,R, andS wereobtainedfromheat-treatedmetallicslugsby grind-
ingwiththetungstencarbideburr.As waspreviouslydescribed,these
powderswereannealedat1500°F for30minutes.Specimensgivenheat
treatmentsL, IT,andQwere solution-treatedas slugsbutthepowders
groundfromthesolution-treatedslugsweresealedin evacuatedquartz
tubesandagainsolution-treatedsndIsothermallytransfomnedinthe
powderedform.

Stainetchingandheattinting.- To supplementtheX-raydata,an
attemptwasmadetoverifymetallographicallythepresenceofdifferent
carbidessndthesigmaphase.Threetypesof stainetchantwereselected
fromtheliterature”(tableIV). Thefirstetchantwasintendedto color
thesigmaphase;thesecondtodifferentiatebetweencerbidesand.the
sigmaphase,sndthethirdto differentiateamongandto identifythe
carbides.Heattintingasdescribedinreference5 butmorenearly
approachingthemsthaldescribedinreference4 wasalsoused. The
spec~ns thatwereselectedforstainetchingandheattintingandthe
reasonsfortheirselectionareshownintableV.

REsuL3s

Microstructure.- Microstructureofas-receivedspecimens,those
solution-treated(heattreatmentA),andthosegi?enheattreatmentE
areshowninfigures3 to I-3.Theas-receivedspecimenofStellite21
intheas-rolledconditionwasfoundtobe etiremelyfinegrained
(A.S.T.M.7-8)andto consistofequisxedgrains,massivecarbides,and
fine,dtificult-to-resolveprecipitatesinthegrainboundaries.The
restoftheas-receivedspecimenswereintheas-castconditionandcon-
tained,inmostcases,interdendriticminorphases,manyofwhichwere
low-msltingeutectics.Pearliticstructureswerefoundinthefollow-
ingalloysintheas-castcondition:

.... —— _- ——. —.— — —. ——— —
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Relativequantityof
pesrliticstructure

Large
Large
small
Trace
Trace

Alloy

CastStelllte21
422-19

High-carbonStellite21
61

X-40

Fig .

4(a)
6(a)
5(a)
9(a)
10(a)

Relativeamountsofpeerliticstructurewerevisuallyesthnated
andarearbitrarilydefinedasfolluws:l=ge quantity,greaterthan
5 percent,smallquantity,traceto 5 percent;trace,ableto detect
presenceof structure.No peerliticorfeatherystructureswerefound
intheotheras-castalloys,norwereanypresenth theas-rolled
Stellite21.

Thesolutiontreatmentat2250°F for41hoursdiesolvedmostof
theminorphasesinthealloysrolled,cast,andhi~-carbonStellite
21,emdX-63(figs.3,4, 5,and7). Intheotheralloys,particularly
thosecontainingniobium,tantalum,andlsrgeemountsoftungsten,the
quantitiesofminorphasesdissolvedby thesolutiontreatmentwereless
(figs.6,8, 9,@dlO). Thesolutiontreatmentusedwasratherin-
effectiveforalloysI-336andS-816inasnnzchas largeportionsofthe
minorphasesremainedundissolved,(figs.11and12). Solutiontreat-
mentat2250°F oftheJ alloyproducedeutecticmelting(fig.,13(b)).
Huwever,theeutecticandmostoftheminorphasespresentathigher
temperaturesintheJ alloyweredissolvedinthematrixat lower
temperatures(fig.13(c)).

TableKC showstherelativequantitiesof lemellerstructures
formedinthealloysby theheattreatments.HeattreatmentE produced
themaximumquantitiesof lamellerstructuresintheformofpearlltic
andfeatheryprecipitatesafterthespecimenshadbeenhomogenizal.
Thefollavrlngalloyswerefoundto containsuchstructures:

Alloy RelativequantityRelativequantityFig.
ofpeexlitic offeathery
structure structure

RolledStellite21 Large Large 3(c)
CastStellite21 Lexge
High-carbonStellite21

Large 4(c)
Large Large 5(c)

422-19 small small 6(c)
x-63 ----- small 7(C)
6059 small small 8(c)
61 ----- small 9(C)

X-40 Ifage ----- lo(c)

w0
~

.
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Thus,itwaspossiblet.oproducepearliticorfeatherystructures
inthreealloys,rolledStellite21,X-63,and6059,thatcontainedno
suchstructuresbeforeheattreatment.Alloy61containeda traceof
pearliticstm,zcturebeforeheattreatmentbutonlythefeatherystruc-
tureafterheattreatment.Thequantityofpearliticstructureprcd-
ucedinheat-treatedX-40wasmch greaterthanthatfoundintheas-
caststructure.A fewalloyscontainedtracesofWidmanstatten
structuresandtheJ alloycontaineda fewareaswithlamellarprecipi-
tatessuchas showninfigure13(c).

Thephotomicrographsofspecimenssolution-treatedat 2250°F
followedbytransformationtreatmentsat 1800°,1700°,1500°,1400°,
and1200°F (heattreatmentsF) areshowninfigure14. Comparedwith
thespecimensgivenheattreatmentsB throughE,X-63(fig14(a))con-
tainsmoreprecipitationintheformofaWidmanst&ttenstructure;6059
(fig.14(b)) containsmoresalt-and-pepperprecipitation;alloy61 (fig.
14(c))containsmoreprecipitationinthematrix,includingprecipi-
tationin sliplines.Solutiontrea-t at2250°F prmiucedeutectic
meltinginalloyJ and,therefore,a solution-treatingtemperatureof
2150°Fwas used(heattreatmentG). Thelowertemperatureeliminated
theeutecticmeltingbutwasnotveryeffectiveasa solutiontreatment
(fig.14(d)).

X-RayDiffractimResults

Matrixphases.- Thepercentagesofthealpha(face-centeredcubic)
andbeta(hexagonalclose-packed)matrixphaseswerevisuallyestimated
fromtheintensitiesofthediffractionlines(tableVTI).

Minorphases.- TheresultsoftheX-raydiffractionanalysesof
elevenalloysaregivenintableKEIZ. Severaltypesof carbide,with
highandlowmetal.-to-cmbonratios,wereindicatedtobe presentin
severalofthealloys.ThecarbidesCr23C6andM6Cwerefrequently
indicated,whileevidenceofCr3C2andCr7C3weresomewhatlesspreva-
lent.Inthosealloyscontainingniobiumortantalum(S-816,I-336,
andJ) carbidessuchasCbCandTaCwerefound.Thesi~ phaseand
thenitrideCr.#appearedtobe presentinmanyspecimens.Ihthe
specimensgivenheattreatmentsF endG,mostofthephaseindications
weremoreconclusivethaninthecomparablespecimensgivenheattreat-
mentE.

It ehouldagainbenotedthatsomeofthecarbideslistedas
chromiumcarbidesundoubtedlycontainedotherelementsreplacingpart
ofthechromium.AlsocarbidessuchasCbCandTaCcouldhavecon-
tainedlargepercentagesofnitrogen,substituttigforsomeofthe
carbon.

——— —.-
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ManyoftheX-raypatternsobtainedwerefoundto containlarge
nunibersofdiffractionlines,frequently30 ormoresmdoccasionally
asmanyas 60. In comperingthelsrgenumbersofdtifractionlines
fora givenspecimenwithwe largenunibersof standardpatternslisted
intableU, itfrequentlywasfoundthatseveralphasesother than
thosepresentedintableKUI couldbe consideredpresentorpossible
inthealloyunderconsideration.However,theseindicationscould
neverbe consideredbetterthanquestionablebecausethestandardpat-
ternsofthesephaseseitherhadnouniquelines,(toomanyoverlapping
d-values),toofewstronglinesforsatisfactoryindications,orboth,
emdthereforearenotpresented..

TheresultsofthesupplementaryX-rayidentificationofminor
phasesinheat-treatedrolledStellite21areshownintableIX. No
certainevidenceof anyminorconstituentswerefoundinthesolution-
treatedspecimen(treatmentL) butsomeofthediffractionlinesfound
intheX-raypatternindicatedthatKC andCr23C6maynOthavecom-
pletelydissolvedduringthe16-hoursolutiontreatment.Evidenceof
theformationofCr23C6andsigmaphasewerefoundinthespecimens
isothemnallytransformedforveryshortperid.softime(15min)at
1950°and1500QF(treatmentsP andM). ThecarbideM6Cpossiblywas
presentinthespecimenheat-treatedat 1950°F. Thespecimensgiven
thelong-timeisothemnal-transformationtreatmentsof 72hoursat 1950°
and1500°F (treatmentsR andO)appearedto containthesameminorcon-
stituentsasthespecimensheat-treatedatthesetemperaturesfor15
minutes.However,someevidenceofthepresenceofthehigh-carbon
carbideCr7C3wasfound.Thespecimenswhichweresolution-treatedand
isothermallytransformedinthepowderedstate(treatmentsN andQ)
appearedto containtheseinecarbidesasthespecimensheat-treated
priorto obtainingpowderedspecimens(treatments,O,P, andR). The
X-raypatternfromthespecimenisothermallytransformedat 1500°F for
2 hours(treatmentQ) containedevidenceofthepresenceof siguaphase
butno evidencewasfoundinthespecimentransformed2 hoursat 1950°
F (treatmentN). ThepatternfromthespecimengivenheattreatmentS
(selectedbecauseoftheunusuallylergequantity& pesrliteinthe
microstructure)gavestrongtidicationsof@.#6 andsigmaanda
possibleindicationofCr3C2.

Stain-etchingandheat-tintingresults.- Metallographicexami-
nationsof stain-etchedendheat-tintedspecimensofrolledendcast
Stellite21,X-40,andJ weremadeandtheresultsoftheobse?wations
aretabulatedintableX. Inthistable,thecolorsandtheirinter-
pretationsfordifferentmicrostructurehavebeenrecorded.Photo-
micrographsareshowninfigure15. Thecolorshavebeenreportedin
theliteraturetorepresentparticularminorphasesbutthesecolor
identificatimsneednotnecessarilyapplyto thealloysinvestigated.
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DISCUSSIONOFRESULTS

Responseofalloyato solutiontreatment.- Pearliticstructures,
featherystructures,andsmallprecipitatesobaemedinseveralalloys
(castendhigh-csrbonStellite21,422-19,61,and.X-40)werereadily
dissolvedby solution-treating41hoursat 2250°F. Inthesealloys,
aswellasothers,moremassiveminorconstituentswerenotcompletely
dissolvedby thesolutiontreatment.ExceptforX-63,thealloyscon-
tainingmolybdenumandtungstenwithcarboncontent0.36percentand
abovecontainedappreciablequantitiesofundissolvedmassiveminor
phasesaftersolutiontreatment.It shouldbenotedthatX-63hasthe
lowestratioofcarbide-formingelementstomatrix-fomingelemsntsof
anyalloyinthisgroupandperhapsthisexplainsitsbetterresponse
to solutiontreatment.Nickel,a weakcarbideformer,didnotappear
to influencethevolubilityofmassiveminorconstituentsat2250°1?.
Theas-castmicroconstituentsinthetantalum-andniobium-beering
alloyswererelativelyunaffectedby solutiontreatment(figs.11,12,
and14(d)).Thesolutiontreatmentproducedsomeevidenceof incipient
overheatingoreutecticmeltingintheformofrosettesin severalspec-
imens,forexample,tialloysStellite21,422-19,6059,X-63and61;
but,forpurposesofthisreport,Incipienteutecticmeltingwasignored
intheanalysisofthemicrostructure.Inthecaseof alloyJ,how-
ever,extensiveeutecticmeltingoccurredandauintergranulernetwork
of eutecticwasformal.A pictureoftheJ-alloystructureafterlower
temperaturesolution-treatment(whichavoidedtheeutecticmelting)and
stepwiseisothermaltreatmentsis shownin (fig.14(d)).

Pearliticstructuresinalloys.- B?eviouslyBadgerandSweeney
showedthatthepearliticstructuresinas-castStellite21maybe
dissolvedby solution-treatingat 2375°F andsubsequentlyreformedby
furnacecooling(ref.2);thetimeofthesolutiontreatmentwasnot
given,however.In addition,thisstructurewaspreviouslyproduced
duringan investigation(ref.1).tithStellite21tuzbinebladesatthe

.
Lewislaborato~,by solution-treatingforl$hoursat 2250°F andfur-

nacecooltig.In eithercase,it isuncertainwhetherreasonablycom-
pletehomogenizationtookplaceand,therefore,itwasnotlmownwhether
an alloyofStellite21 compositionwoulddecomposeandfom similar
lamellarstructuresuponcoolingif itwereoriginallythoroughlyho-
mogenized.Theresultsofheattreatmentgiventorolled,fine-grained
Stellite21do showthatthelamellarstructurecanbe consideredtobe
thedecompositionproductofhomogeneoussolidsolutionratherthanthe
productresultingfroma heterogeneousas-caststructure.Therolled,
fine-grainedStellite21wassolution-treatedfor41hoursat 2250°F.
Thistreatmentwasconsideredsufficienttohomogenizethealloy.
Lergequantitiesof lamellecrstructurewereprduceduponcooling(in
stepwisefashion)fromthesolution-treatingtemperature.Swlar
transformationswereobservedinseveralas-castalloys,althoughthe ‘
homogenizationofthesealloyswasnotas completeasfortherolled
Stellite21.

.—- -——. .. - —— —— —.— --——
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PossibleRelationsofLamellarStructures
.

Composition=a temperature.-An attemptto deteminethepossible
relationsbetweenalloycompositionsandthetemperaturesatwhichla-
mellarstructures(pearliticandfeatherystructures)me formedin ,
cobalt-basealloyswasmade. Thealloysunderconsiderationmm be
classifi~onth~basisofcanposition-intothefollowinggroup::

I Group I Alloys

Molybdenum%earing

Tungstenbearing
Tantalumorniobium
bearing

Rolled,castandhigh-carbon
Stellite21,422-19,X-63
and6059

61~adX-40
I-336,S-816,andJ

H themaximumtemperature atwhichlauellarstructuresexeformed
(seetableVI)arecomparedwiththechemicalcompositionsofthealloys
shownintable1,endifthesegroupingsofthealloysme considered
thefollowingobservationsmaybemade:

Molytienum-bearingalloys.-lih?omtableKC itmaybe seenthat
rolled,cast,endhigh-carbonStellite1,and422-19containedlamellar

~structuresafterheattreatmentat2000 F andthatalloysX-63and6059
containedlamellarstructuresa!?terheat-treatmentat 1800°F orless.
Itwas@ossibleto correlatethecarbon,nickel,ormolybdenumcon-
tentsofthesealloystothetransformationtemperature.A possible
correlationbetweenthetemperaturesatwhichl.smellerstructuresfirst
formedandthechromiumcontentsofthesealloyswasobserved,however.
Thechromiumcompositionsrengedfrom22.6to 28.8percent.Witha
chromiumcontentof25.6percentormore,lamellarstructuresformedin
less than 2 hoursata temperatureashighas2000°F. Thetwoalloys
withlessthan24percentchromium(X-63and6059)formedno lemellar
structuresuntil1800°F orlesswasreach~. Thusitappearsthatas
thechromiumcontentofthemolybdenum-bearingalloysdecreased,the
transformationtemperaturesofthelamellarstructmesdecreased(at
least,for2-hrisothermaltransformationtreatments).

Tungsten-bearingalloys.- Thecarboncontentinthetungsten-
bearingelloysrangesfrom0.40to 0.49percent,thenickelfrom1 to
10percent,thetungstenfrom5 to 7.6percent,andthechromiumfrom
24to 26percent.Again,neithercarbonnornickelcanbe correlated
withtransformationtemperatures.H thetungsten-bearingalloysbe-
havedasdidthemolybdenum-bearingalloyswithchromiumcontent,alloy
61wouldbe expected.totransformat 1800°1?orbelow,whileX-40would
be expectedtotransformat 2000°F. However,X-40didnottransform
as expectedandthusitappeersthattungstenloweredthetransformation
temperatures.
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Tantalum-andniobium-beeringalloye.- Theniobium-bearingalloys,
S-816andI-336,behaveddifferentlyfromtheotheralloysinthatno
featheryorpearlitic structuresdevelopeduponheattreatment.The
tantalum-bearingalloyexamined(J)containaa smallquantityof la-
mellerWidmanst&ttenstructure(fig.14(d)).

X-raydiffractionstudiesofminorphases.- Perhapsas important
asthespecificX-raydiffractionidentificationd?minorphases,is
thefactthatlargenunibersofthesephaseswereindicatedto be pres-
entorpossibleinmanyofthesecobalt-basealloysinas-castandheat-
treatedconditions.Severalcarbideswithdifferentmetal-to-carbon
ratiossuchasMC,Cr3C2,Cr7C3,andM6Cwereindicatedto coexistin
thesamealloy.ThenitrideCr211wasfrequentlyindicatedaswere
oxides(Cr203orspineltypes).Indicationsofthesi~ phasewere
foundinalmosteveryalloyinvestigated,andsi~ asa precipitant
maysi@ficantlyaffectthephysicalpropertiesofthisclassof
alloys.It appearedthatheattreatmentsproducedmoresigmaphase
thanwasfoundinas-caststructwes.Precipitationof cerbideswould
tendtodepletealloysd thecobalt-basetypeof chromiumandmolyb-
denum(ortungsten).However,in spiteof chromiumdepletionby car-
bideprecipitationinhi~-chromiumsteels,theprecipitationof
carbidespromotetheformationofsigmaphase(ref.8). Inthediscus-
sionfollowingthisarticle,Foleyandtheauthorsindicatedtheir
beliefthatthestrainingofthematrixlatticeby precipitationof
carbidespromotedsigmaprecipitationinthetictiityofthecarbides.
Theresults& thisinvestigationindicatethatsigmaIsassociated
withlargequantitiesof carbides.

TableXI showstheminorphasesdetectedincobalt-basehigh-
temperaturealloysby otherinvestigators.Mostoftheresultsshown
wereobtainedusingelectrolyticdigestiontechniquesto concentrate
minorphases.TheresultsoftableKtIIagreeratherwellwiththose
shownintableXI. Inthoseinvestigationswheredigestionmethods
wereused,no sigmaphasewasfound,presumablybecausesigmawoulddis-
solveintheelectrolytes.It is interestingtonotethatthecarbide
Cr3C2indicatedtobe possibleorPresentinse~=~ ofthe~lOYS
studiedherein,hasbeenreportedina veryhigh-carbon(3.21percent)
Stellite21typecobalt-basealloy(ref.5). Ifaspostulatedinref-
erence5 (seep.2 ofthisreport),a high-carboncarbidesuchasCr7C3
decomposesto a lower-carboncarbideplusfreecarbononheatingor
agingheattreatments,Cr3C2whichcontainsmorec~bonthanCr7C3WY
alsosimilarlydecompose.Thisconceptofcsrbidedecompositionand
agingasa resultofthedecompositionmayproveworthyoffurtherin-
vestigation.SomeoftheevidenceofthepresenceofCr3C2andCr7C3
presentedintablesVIIIandIXwouldindicatethatthesehigh-carbon
carbidesdonotalwaysdecomposeuponheattreatmentat isothermalor
agingtemperatures.Itmaybepossibleto determinewithgreater

,
. . . . ...——. —— -—. — — _-— _ .—
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certaintythepresence& suchhigh-carboncarbidesin.thesealloysby
usingdigestiontechniquessimilartothoseusedby others.Itwould
seemdesirabletouseanelectrolytewhichislesscorrosivethan
aqueousacidorbasicsolutions,possiblya bromine-methanolsolution
suchasthatusedby Kinselto extractcsrbidesforelectronmicroscopy
(ref.9).

Themicrostructureofas-roll@Stellite21etchedconventionally
or stainetchedendheattintedisshowninfigures3 end15(a).The
largespheroidizedmicroconstituentswhichareevidentinthephoto-
micrographscouldbe eitherCr23C6.0rsi~frcm theweakX-~ indi-
cationsofbothshownintable=. Theappearanceofthestructure
uponheattintingindicatethatthelergeparticlesareprobablyCr23C6.
Additionalunpublishedworkwithconcentratedpowders(thecsrbldes
weresegregatedby electrolyticdigestionina nonacidicsolution)indi-
catedtheprincipalcsrbidetobe Cr23C6.

UponsolutimtreatmentofrolledStellite21at2250°F for41
hours,mostoftheseparticlesdissolveinthematrix(fig.3(b))and,
therefore,noX-raypatternsweremadeofthespecimen.An X-raydti-
fraotionpatternobtainedfroma specimenwhichwassolution-treated
for16hoursat2250°F indicatedthatCr23C6andM6Cmayhavebeen
residualcarbides,althou@theindicationswereetiremelyweak.

ThepresenceofCr23C6wasindicatedinalltheroll= Stellfte21
specimenstransformedat 1950°and1500°F. BothKC andsigmawere
indicatedh almosteveryspecimen,andCr7C3wasindicatedinthe
specimenstransformedfor72hoursat 1950°and1500°l’.Thestrength
of theX-r~ itiiCatiOnSfOr@23C6 indicatethd ~S phaseiSthO
predominantminorconstituentinheat-treatedStellite21. The~C
may,ofcourse,precipitatedh?ectl.yfromtheface-centeredcubicsolid
solution,butontheotherhsnd,itmaybe,h part,a residualcarbide
or a t~tio~tion ptiuctofCr23C6(morecorrectlyM23C6).!i?he
latterchangewouldtivolvethediffusionofonlya fewatomsofmol.yb-
denumorothercarbideformers(ref.10). Sigmaprecipitationmayhave
occurredinconjunctionwith,orsubsequentto,carbideprecipitation.

tiechromiumnitride_ CrN,M2C (W2CorMo2C),and~C type
csrbidesmighthavebeenpresentinsomeofthealloys;however,there
weretoofewsigntiicantlinesinthestandam3patternsto listthe
phasesinthetables.TheC07W6(whichCOUH have~ i~omo~ ofthe
apprmimatestoichiometriccompositionC07M06inthemolybdenw-be=~g
alloys)hasfewstronglinesandthesecoincidewithsigmalines;C03W
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(orpossiblyCo#o)hasoned-valuewhichappearedunique,butthis
valueisina rangeinwhichtheaccuracytithed-valuemeasurements
i13poor.

OnthebasisofX-rW diffractionpatterns,thepossibilityex-
istedthatWC (orMoC)waspresentinalmosteveryspecimen.The
numerousindicationsofthiscarbidesuggestedthatthepowderswere
leingcontaminatedby thetungstencarbideburr,buttheuseofa
diamondburrinsteadofthetuugs%encarbideburrdidnotaffectthe
results.Also,thestronglinesof standardWC patternsoverlapped
standtispinelpatternsand,therefore,thetwophasescouldnotbe
differentiated.

Stainetchingandheattinting.- Theresultsof stainetchingand
heattintingarehelpfulbutnoteasilyevaluated,becauseof several
inherentdifficulties.Thecolorsoffineprecipitatesorthinpearl-
iticlamellaearenotdiscernible.Thecolorsof largephasesdepend
uponthechemicalcomposition,which,inturn,dependsupontheheat
treatmentgiventhespecimen.Forexample,a chromium-richcarbideof
theCr23C6typewouldbe expectedto reactto chemicalattackdiffer-
13ntlyfromc~d~-poor Cr23C6.Coringofcarbideswassometimes
obsemedand,inaddition,minorphasesfrequentlyseemedtobe sur-
roundedtitha bandofdifferentmaterialwhichwasvisibleeitherunder
obliquelightathighmagntiicationorpolarizedlight.However,such
bandingmayhavebeentheresultof opticaleffects.

In ordertodiscussmorereadilythestain-etchingandheat-
tintingresultspreviouslypresented,referencemayagainbemadeto
tablesIV,V, andX. (InthecaseofrolledStellite,Badgerand
Sweeney’setchantindicated~Ctobe presentalthoughX-rsydif-
fractionresultsindicatedthecarbidetobe Cr23C6.)In thecaseof
as-castStellite21,BadgerandSweeney’setchantindicatedonlyKC
tobe presentalthoughagainnoX-rayevidenceconfimnedthis(table
VTII). Furthermore,theeutecticwhichcouldcontainseveralcarbides
waseatenout(fig.15(b)).Heattintingshowedolearblack-and-white
detailintheeutecticareas.Accotiingto reference4, thewhite
colorindicatesthecarbideM23C6,whichW= showntobe Presentby
X-raydiffraction.b heat-treated(Etreatment)rolledStellite21,
Beck’setchantshoweda fewbluedotsindicatingsigmaphase,butsuch
a smallquantityof sigmaphasecouldnothaveshownUp inX-raypat-
terns.Theetchanttodifferentiatebetweencarbidesandthesi~-
phaseshowedonlyonecolor(yellawbrown)indicatingcarbides,and
similarlyBadgerandSweeney’setchantshowedonlyonecolor(blue)
indiCati~M6C. Thistendencyto stainorheattinteverythingone
colorseemedfairlyevidentinthecaseoftheStellite21 alloys.

.
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AlloyJ,however,showsseveraldistinctdifferencesinminorphase
colorsandhasat leastthreeandprobablyfoursignificantminor
phases.

Althoughthestain-etthingandheat-tintingresultswerenotcom-
pletelysatisfactory,thesenmthcxisdidleavecertain impressionstith
theauthors.Thefirstisthateometimesthenumbersofminorphases
presentareindicatedby theetchants.Second,@sin boundaryprecipl-
tatesandmanymassiveconstituentsappeartobe Cr23C6.

Phasesofpearliticstructures.- TheX-raydataobtainedherein
werestudiedinenattempttodeterminetheidentityofthepemlltic
constituents.Specimenslamwnto containappreciablequantitiesof
peerlitewereindicatedto containthecarbideCr23C6.Forexsmple,
a specimenofcastStellite21,solution-treatedandisothermally
transfomned2 hoursat 2000°F (heattreatmentB)wasindicatedto con-
tainthiscarbideandno others.Otherspecimensknownto contain
appreciablequantitiesofpearlitewerespecimensofrolled,heat-
treatedStellite21. However,allthesespecimenswereindicatedto
containKC and/orsigma,inadditiontoCr23C6(tableX). Thus,tie
carbideportionofthepearliticlemellaecouldalsocontain~C. It
IsnotknownwhetherMN precipitatesalongwiththecsrbldesCr23C6,
whetheritisa residualcarbidefollowingsolutio”ntreatment,or
whetheritformsfrom@23C6by diffusionofalloyingelementsto the
cr2#6pre@ihdS. Stain-etchingandheat-tintingresultsindicated
thatwhenthepearliteisfonuedfromface-centeredcubicsolidso-
hltion,&2#6 iSthecarbideConstituent.TheSeobsemationep&ial-
Iyconfirmtheworkofreferencellwhichreportsthatthepesrlite
consistedof lemellaeofCr4C(Cr23C6)anda cobalt-richsolidsolutlon.

Withregardto thefo?mationofthesignsphase,whichwasobserved
inthealloysand,inparticular,inthespecimensofheat-treated.
Stellite21,itispossible,onthebasisofX-rayevidencealone,to
showthatsi@awas notalwaysfoundwherethecsrbidesCr23C6and/or
M6Cweredetectedinspechns bown to containappreciablequantities
ofpeexlite.Forexample,no indicationsofthepresenceof si~ phases
werefoundintherolledandhigh-carbonStellites21andthe422-19
(tableVIZI,heattreatmentsB,E, andE, respectively).Metallographic
examinationsmadeofnumerousspecimensofStellite21haveindicatedthat
thesolid-solutionphaseofthepearliticlamellaedoesnotconsistofa
phasesuchas si~, nordo stain-etchantandheat-tintingresults.Erom
observationsofthepathsofgrowthof pearliticlemellae,fromstain-
etchingcharacteristics,andfromticroti~esstestsmadeovera period
oftime,thephaseotherthanthecarbideinthepeerliticstructureis
notbelievedtobe sigmabutoneofthematrixphases.

u
o
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No concreteevidencewasobtainedtoprove&at thesolid-solution
lamellaeofthepearlitecmsistedofbetaorthatthestructureisa
eutectoid.It isreportedinreference2 thatthepearliticstructures
grewnearareasofbeta.However,theresultsofthisinvestigation
showthatthisstatementisnotnecessarilyalwaysthecaee.By refer-
encetotablesVI andTCEI,itmaybe seenthatrolledStel.lite21 (heat-
treatmentB),high-carbonStellite21 (ascast),and422-19(as-cast
andheat-treatmentE)whichwerehewn to containappreciablequantities
ofpearlitecontainlittleornobetaphase.Also,betaformedin
alloyswherenopearliticstructureswerefound.Althoughthepearl-
iti.cstructureandbetadidnotalwayscoexitiina givenspecimen,if
themaxhumquantityafbetathatformedina givenalloyiscompared
withthemaximumquantityofpearlitethatformed,itmaybe observed
that,tiththeheat-treatmentsinvestigated,littleorno pearlitic
structurecouldbeformedinalloysthatwerenotcapableofforming
detectablequantitiesofthebetaphase(tableXlZ).

SUMMRRYOFRWIIZS

Theresultsofthisinvestigationto detemninetheoccurrenceand
natureof lamellarstructuresandmtnorphasesinthecobalt-based
alloysrolled,cast,andhigh-carbonStellite21,422-19,X-63,6059,
61,X-40,I-3336,S-816,andJ maybe summarized.asfollows:

1.Themicrostructureofas-castalloysgenerallycontainedtiter-
dendriticminorphases,manyofwhicharelow-meltingeutectics;in
addition,castStellite21,422-19,61,andX-40containedpearlitic
structures.Theonlyas-rolledalloystudied,Stellite21,wasvery
finegrainedandcontaindlargecarbidespheroids.

2.Theeffectof solution-treatmentof 2250°F maybe summarized
aafollows:Smallorfinemicroconstituentsinthestructuralformsof
pearlite,Wid.manstattenstructures,andgeneralprecipitationre~ily
dissolvedintothematricesofthealloysduringsolutiontreating.
llzceptforalloyX-63,thespecimenewithcarboncontentsof0.36per-
cent andabovecontainedappreciablequantitiesofundissolvedcarbides
eftersolution-treating.Inthetsntalum-andniobium-bearingalloys,
I-336,S-816,andJ,themicroconstituentsdidnotdissolveappreciably
intothematrix.

3.Iamellarstructureswereproducedineightoftheelevenalloys
investigatedafterhomogenizationata nominsltemperatureof 2250°F
for41hoursandcoolingby interrupted-coolingmethml.Theeight
alloysarerolled,cast,high-carbonStellite21,422-19,X-63,6059,
61,andX-40. onlythreeofthesealloys,castandhi@-c=rbonStellite
21,and422-19containedappreciablequantitiesof lamellarstructures
intheas-castcondition.Twotypesof lamellarwkructurewereformed,a
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pearliticstructureanda feathery(Widmanst&tten)structure.No pearl-
iticorfeatherystructureswereobservedinalloysI-336,S-816,orJ.

4.A possiblecorrelationwasobservedbetweenthechromiumcom-
positionofthemolybdenum-bearingcobalt-basealloysstudiedandthe
temperaturesatwhichlemellerstructures(pearliticorfeathery)first
formedonstepwisecoolingtovariousisothermallevels.Thetemper-
atureoftransformationdecreasedwithdecreasingchromiumcontent.
Tungstenappeeredto lowerthetransfomnationtemperatureoflamellar
structures,whereasnickelhadno noticeableeffectonthetransformation.

CNan)o
5. Oneormoreofthefollowingminorphaseswereindicatedtobe

presentorpossiblebyX-reydiffractionin eachofthealloys:TaC,
Cbc>Cr3C2~Cr7C3,Cr23C6,KC, Cr2m,Cr2~ typeoxides,spinels,,sad
thesigmaphase.Somed thecerbideslisted.as chromiumcarbidescould
containothercerbidefomnersthanchromium,whileothercarbidescould
containappreciablepercentagesofnitrogen. -

6.X-raydiffractionresultsindicatedthatthesigmaphasew-as
presenth mostofthespecimensstudied.Althoughsigmaphasehasbeen
observedinStellite21by others,itspresencehasnotbeenrepotied
previouslyinsomanyd thesealloys.Sigmaphasepatternsappeared
strongestwherelargenundersofcarbideswerealsopresentandfor-
mationofthesigmaphasemayhavebeenfacilitedby carbide
precipitation.

7.X-raydiffractionmethodsindicatedtiatCr23C6wastiemost
prevalentcarbideinthealloysstudied.Inheat-treated,rolled
Stellite21 specimens,Cr23C6appearedtobe themostprevalentcarbide,
althoughKC wasalmostaafrequentlyindicated.SigmafoundInheat-
treatedStellite21,wasthoughttoforminconjunctionwith,or subse-
qued to,theformationofthec=bideCr~C6.

8.Stainetchingandheattintingwereusd asauxiliarymethods
to theX-rayd&l%actionstudies.In severalcasestheresultsproved
helpful:Anuniberof&or phaseswereshowntobe presentinalloyJ,
and,inStellite21,grainbounduies,massivecarbides,andpearlitic
lEIJJI.&llaeweretidi&t;a to be Cr23C6.”Coringofcarbideswas-also
revealedbythesemethds.

9.X-raydiffractionresultsandmetallogmphicexaminationsof
stain-etchedandheat-tintedspecimensindicatedthatoneofthetwo
phasesofthepearliteconsistedpredominantlyofCr23C6.TheM6C
carbidewasalsodetectedinmanyspecimensofheat-treatedStellite
andpossiblywasformedfromtransformationof@23C6 lamellae.

21
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10.Therelativequantitiesofthematrixphasesof eachalloy
studied,invarioueconditionsofheattreatment,wereestimatedfrom
theX-rsydiffractionpatterns.Thematriceswereknowntobe either
tiehigh-temperaturephase,alpha(aface-centeredcubicsolidsolution)
ortheluwertemperaturephase,beta(ahexagonalclose-packedsolid
solution).Itwasfoundthatinmostcaseslittleorno pearlite
formedinthesealloyswherebetawasnotdetected.However,beta
formedinalloyswherepearlitedidnotform.

11.Studiesofpearliticstructuresindicatedthatoned the
phases(oneofthetwolamellae)inthestructureconsistedofthecar-
bideCr23C6.Theotherlamellawasindicatedtobe relatedtothe
presenceofthebetaorhexagonalclose-packedmatrixphase;however,
positiveidentification@ thislamellacouldnotbemade. Therefore,
itwasimpossibleto showthatthepearliteresultsfroma euctectoid
decomposition.
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1 I Chemlc~ composition,percentby weight

3020 I

KLloy or Hi MO u c

I

Rolled 28.75 3.015.52-----0.29
1 6telJlte21

tit 27.5 2.5 5.5 -----0.28
28 6tellite21

~b ~@p -bon 26 ~
6te11.ite21 “ z.505.54-----0.36

~b 422-19 25.5814.626.30-----0.44
Sb X-65 22.63lo.a 5.62-----0.4
~c 6a39 24.0332.68!3.76-----0.39

7b 61 24.28 1.02---- 5.050.40

8 X-40 26.1010.440.36 7.690.49

Cb
I

Fe
I

6iMn
I

ML8cel-
lanemm

----I 0.35 I0.44I0.561-------

+

---- 1.43 0.69 0.65 -------

---- 0.98 0.65 0.60 ---.---

---- I 1.12I0.62I0.651-------

I I I I
3.81 3.0210.73I0.941-------

---- I ----- 1----I1.0 ITa, 2.0

(B&nce)

KL.lo

G2.22

82.52

50.29

58.46

34.75

67.02

62.79

51.00

43.64

61.30

aCump3sitLonfrommediumvalueof sycifieationsMB 5585,

bAverageof two heats.

cAverageof threaheats.
%vomhd Ccmp3nitlon.
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TABLEII. - X-RAYD12?FRACTIONPATTERN

STANDARDSUSEDFORCOMPARISON

Cornoundschecked
7standards)

FeO-Cr203(splnel)
COOCr203(spinel)
Cr203
Cr3C2
Cr7C3orMn7C3
C04W2C(M6C)
Fe3W3CorFe3M03C
orFe4W2C”(M6C)
M6C
Sigma (orgamma)C02Cr3

Sigma
Sigma
Sigma
Sigma
Sigma
C07W6
C03W

1Co-Cr-Moa
Co-Cr-Nia
FeCr
CoCr1
Fe-Cr-Ni)

cr22Jc6
H02C
Cr2Nand ~Cr2N
C03C

Pe3C
ric
ZW2c
jwzc
:bN
:bC
PaC

Numbero,
standard
checked

2
1
3
2
1
1

1
1
1

1
1
1
1

i

2
2
2
1
1
2
1
1
1
2
2

Sourceor reference

ASTM card index
ASTM cardIndex
ASTMcardindex
ASTMcardindex
ASTMcardindex
ASTMcardindex

ASTM card Index
Ref. 3
Diffractionstandardobtained
from specimengivento NACA by
BattelleMemorialInstitute
Ref. 12
Ref. 12
Ref. 13
Ref. 14
Ref. 13
ASTM cardindex
ASTMcardIndex
ASTMcardindex
ASTMcardindex
ASTMcsrdindex
ASTMcardIndex
ASTMcardindex
ASTMcardindex
AS’Illcardindex
ASTMcad index
ASTMcardIndex
ASTMcardindex
ASTMcardindex

%ither one patternor the otherwas checked.

.
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TABLEIII. - HEAT~S GIVENROILEDSTELLITE21

SPECIMENSPRIORTOX-RAYDIFFRACTIONSTUDIES

Heat E!dutiontreatment “ Isothermal w%
treatment transformationtreatment

Tem- Time, Tem- Time,
pera- hr pera-hr
tie, ture,
‘F OF

L (1)2250°FJ 16hr;
waterquench

1
2) Grind,X-ray~wders
3)Heat-treatpowders

2250°Fj l/4hr~
waterquench

M 2250°F; 69hr 1950 1/4

N (1)2250°Fj 16hr;
waterquench

(2)Grind,X-raypowders
(3)Heat-treatpowders

2250°F; l/4hr 1950 2
0 2250°Fj 69hr 1950 72

P 2250°Fj 72hr 1500 1/4

Q (1) 2250°Fj 16hrj
waterquench I

(2) Grind,X-raypowders
(3)Heat-treatpowders

2250°F; 1/4 hr MOO 2
R 2250°F; 72hr 1500 72
s 2250°Fj 46b 1850 4 ‘m 2

.——.—_ _ _——____
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TABLEIV. - mm EIwmrs AM-DHxA!r!miTING

‘olOr-
ing
lmc-
esa

1

2

3

4

ethod

Etch

Etch

Etch

Heat
tint

Purpose

‘oBtalnBigJna

‘odifferetii-
atebetween
carbitisand
fli~phem

!0identify
cerbides

!0 identify
carbidss
ti Bi@9-
pha,e

&nrce of methods

RideoutandE!ack

(c!% ,%i d.1.rlys)

Batelle
(ref.4)

?orStel.lite21 ~
alloy

2ad.gerand6we0ney
(ref.2)

?dr6tellite21 and
So-CrbeBealloya

Patelle
(ref.4)

Uao Beehe and
Ormt (ref.5)

Firetetchant r 6taininumethod I Colnrsof mimr
I

6olutlon ktbd &31ution J43thod phaaeBobtained
by previouein-

1 I I I ve8tigatire

8 PeroentElectrolytic5 g W*) Iumeree

\

Sigmn:brJ.&bt
oxalic etch;8-10 5 g li.co3J 10-20sec men or reUto
acid) Becj6 VOltSJ90mlWat%r roomtern-purple
92 prcent room-&mper- perature
watir ature
10percent~ectrolyticuLlraked’B IumerB6Csxbides: straw
HaCNj etch;10-20 10 g,0, ~(m)6J 2-4secj ta yellowbrown
90percentBecJ1,5 rcmmtem- orbuff
water voltB lcaml water pereture (h9EXG3(B-):

greytiblueor
greenish.greY

2 ~ercentLightelec- lpart
Cbroudc trolytill (20percent ~Z: qg:: &:;,-7 aec;
acidJ etch K14n04,m - lowto Mght -
96percent percent peratureMC: md, green,
w.9ter water)+ 1 yellow,blue

part(8per- (al.eoreticula-
centI@3H tion)
92percent
water) ,

5 percentlD-ectro.lytic(1)Heat~lisheOspeci- 81@a: dark-
HCl,J (~~{j mento dullred u&6inmbMvn
95 pet-ceti ($)Heldattemperature ti23C6:Whit9
H70 5 Volta untilenrfecebecomes &C: dark

colored.
(3)AircooleUor Hg

N&.e: ~C and
si~ cannot&

quenched clifferentiated
ti B=
.9tructme

Ozos
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TABLEV. - ALLOYS STAIN ETCHED ANY)HEAT TINTED

Alloy Conditionor Reason for selectingalloy
heat treat-

ment

Rolled As rolled Relativelyfew visiblemicro-
Stellite21 constituents,shouldbe

able to compareresults
readilywith X-ray results

Rolled Heat treat- To observedifferentmicro–
Stellite21 ment E constituentsformed at very

high temperatureof 2000° F

Cast As cast Typicalalloy
Stellite21

Cast Heat treat- Extremelyhigh transforma–
Stellite21 ment B tion temperatureof 2000° F

producedcoarselylamellar
pearlite. To identify
lamellae

X-40 Heat treat- Typicalalloy
ment E

J As cast To observemicroconstituents
in an alloy containingTa

.._ ——-.—.————_-_—_—_ —.. ..-__ ——
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TABLEVI.- IAMEuARSI!RUCTURESOBSERVEDINkETALLoGRAPHIcSPECIMENS

Alloy

Rolled
Stellite21

cast
Stel.1.ite21

Ugh-carbon
}telJ.ite21

422-19

x-63

6059

Specimen I Pearlitic

Asrolled I None
Solutiontreated(A) None
Quenchedfrom2000°F (B)
Quenchedfrom18C0°F (C)
Quenchedfrom1800°F (D)
QuenchedfromlMO F (E)

As cast I 1
Solutiontreated(A)
Quenchedfrom2000°F (B)
Quenchedfrom19M)”F (C)
Quenchedfrom1800°F (D)
Quenchedfroml.lrX)”F (E)

Ascast i
Solutiontreated(A) None
Quenchedfrom2000°F (B)Zzzzz
Quenchedfrom1900°F (C)m
Quenchedfrom1800°F (D)M
Quenchedfrom1100°F (E)*

Ascast
Solutiontreated(A)

r

None
Quenchedfrom2000°F (B)
Quenchedfrom1900°F (C)
Quenchedfrom1803°F (D) None
Quenchedfrom1100°F (E)

As cast None
&olutiontreated(A) None
Quenchedfrom2000°F (B) None
Quenchedfrom1900°F (C) None
Quenchedfrom1800°F (D) None
Quenchedfrom11OO”F (E) None

As cast lione
Solutiontreated(A) None
Qyenchedfrom2000°F (B) Rune
Quenchedfrom1900°F (C) None
Quenchedfrom1800°F (D) None
QuenchedfromlJOO”F (E)~

o

LNone

I None

k None

bNone
None
None
None
IVone

I None
None
None
None

None
None
None

o 15
Lsmellarstructure,approxhatepercent
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TABLEVI.- Concluded.IWELIARWRUC3!URESOBSERVEDINklEWLLOGRAPBIcSPECIMENS

Alloy Specimen Pearlitic Feathery

As cast 1 None
Solutiontreated(A) None i None
Quenchedfrom2000°F (B) None Iione

61 . QuenchedfYom1900°F (C) None None
Quenchedfrom1800°F (D) None
QuenchedfYomllOOOF (E) None

As cast 1 None
Solutiontreated(A) None None
Quenchedfrom2000°F(B) None None

X-40 Quenchedfrom1900°F (C) None None
Quenchedfrom1800°F (D) None Rone
QuenchedfromllCO°F (E)LP None

Aa cast None I?one
Solutiontreated(A) None None
Quenchedfrom2000°F (B) None None

S-816 Quenchedfrom1900°F (C) None None
@enchedfrom1800°F (D) None None
Quemhedfroml.lOO°F(R) None None

As cast None None
8olutiontreated(A) None None
Quenchedfrom2~°F (B) None None

I-336 Quenchedfrom1900°F(C) None None
QuenchedfYom1800°F (D) None None
QuenchedfromllOO°F (E) None None

As cast Nohe None
8olutiontreated(A) None None
Quenchedfrom2000°F(B) None None

J Quenchedfrom1900°F(C) None None
Quenchedfrom1800°F (D) None None
QuenchedfromllOOOF (E) Fewprecipits,tes’ Fewprecipitates

A .-- . iu Mu J
Lamel.larstructure,approximatepercent

—— —— ——
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TABLEVII. - PERCENTAGESOFMATRIXPHASESAS

D~ BYX-RAYDIFFRACTION

[Percentagesvisuallyestimated.]

Alloy

Rolled
Stel.lite21

Cast
StelJite21

casthigh-
carbon

Stel.lite21

422-19

X-63

6059

61

X-40

I-336

S-816

J

As received I Heat treated

Alpha Beta Treatment Alpha Beta

30 70 E 5 95
L 100 0
M 50 50
N 95 5
0 Trace >90
P o
Q o
R 90
s 50

40 60 B 100 0

la) o E 20 80
>90 Trace E >90 Tracea
90 10 E 90 Tracea

F 100 0
lCQ o E lCX) o

F 100 0
>90 Trace E 60 40

IIF 110010
100 E 100 0

Eb 80 20
100 E 100 0
100 E 100 0
100 E 80 20

G 100 0

.

~C@estionabletraces.
bRecheck~~ially digestedgwders.

.
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TABLEVru.-X-RAYDmmAmoHCERTIFICATIONOFMtNORF3A8BSINELEVENALLOYS

Alloy hfinorphasesindicated
Heat Cr3C2Cr#5 CrZC6~c Sf@naCr203SplnelsCr$ SC TaC
treat-
ntent
desig-
nation

Asreceived
Rolled w w w

Stellite21

cast w w s s
Etellite21
ca~b~p- M s w w w
Stell.ite21

cast w M VW w w
422-19

castX-63 v-w w w VW s

cast6039 w w w w
Gut 61 VW s VW w
castX-40 VW s w
C-satI-336 M w w
S-816 VW w w W VW
J M s M w s

Heattreated
Rolled E s s M w w

StelJ.lte21
cast Bb w

SteUite21
caasgp- E w w w
Stelllte21

cast E s M
422-19
cast E w w w
x-m

w
F M w H

-t E w w s
E059 F w M s w w w w
cast E w w w
61

VW
F w w M w M w

Ca8tx-m E w w w w w
CastI-336 E w w s w s s
S-816 E s w s
J E w w w
J

w w
G w w M w M s

%ndlcationsofthepresenceorpossiblepresenceofmlnorphaaesinthesealloys
areasfollows:
s tiOaindicationofpresence
M Fairlygooaindicationofpresence
w Possible
VW Minimumindicationconsiderefi
bspecl=w&venheattreatmentsC,D,ad E wereusedforch~~l ~YSISJ *ere-
fore,specimenB wasusedforX-raydli??ractlon.

27
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TABLEIX.- X-RAYIDENTIFICATIONOFMINOR

ROLLED,HEAT—TREATEDSTELLITE21

Heat I&.norphasesindicated
treatmentcr3c2c~7c3Cr2~C~WC SigmaOfidecr2N

L w w

I@ s w M s M

N s s M

o VW s w M w s

Pa s M w

Q M w s w

R w s w w w s

s w s s w s

%owder scaledduringannealing.
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I

Alloy

llolled
Stel-

~
Cast
Stel-
lite21

Rolled
Stel-
lite21

cast
Stel-
I-lte21

X-40

J, east

TABT.WX. - STAIN-ETCHINGAND REM-TINTINGRESULTS

Heat Colortig Colorobeervedand Identlfioationabased on literature
7reat-proaesaa hhf18iVe pbBBB Grain boundaries
ment

Pearllte Mlnoellaneoua
Color Phase Color Phtme color Phase color Phase

3 Blue M6C Brown L%P7C6
4 White crp3c6’ Brown Sifgna

3 Blue M~c Blue Mfic
4 White cr23c~ White Eutectic:

Black Cr23C6and
unknown

E 1 Blue spOtBOf
sigma

2 Yellow,brown carbidesYellow,brown Carbides
3 Blue M6C . Blue M6C Blue M~c

4 whltO Cr2~C6

B 2 Buff Carbidea Buff Carbldea

3 Yellow,blue M6C Yellow-blue M6C Yellow,blue M6C
Yellm, green cr7c3 Yellow-greencr7c3 Yellowjgreencr7c3

4 White cr23C6 Uhlte ‘23C8 White CP23C6
E 1 Red,violet sigma

2 Yellow,red Carbide.q Blue Sigma
3 Brown cr23C6 Brown ‘i23C6 Brown ‘23C6
4 White ti23C6

1
2 Blue sigma

Yellow cr7c3
3 Blue k!@

Brown &23C6

4 White Cr23C6

‘See tableIv.



TABLEm . - MINOR PHASES DETECTEDIN SEVERAL COBALT-

BASE ALLOYSBY OTHER INVESTIGATORS

AllOy

Stellite21

Stellite21 - Ty_pc
0.1-0.90percent (

3.21percent C

422-19

6059

61

X-40
I-336

S-816

J

Phases found

CI?7C3
M23c6(0rcr23c6)
Mf3c
sigma

Cr7C3
cr23c6
M6C
Cr3C2+ above carbides

Cr7C3
&23C6
M6C

‘23C6

‘23C6 .

M23C6
Cb(C,N)
‘23C6
M6C

CbC
TaC

cr7c3
Cr23C6
M6C

References

2, 4
2, 3, 4
2, 4
4

5
5
5
5

5
3, 5
5

‘3

3

3

:2
15

3, 5, 16
5
5
5
5

aPhases found in one or more specimens,cast or heat

0/
o
N
o

treatedor both.

.
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TABLEXII. - RELATIVEQUANTITIESOFLAMELLAR

PEARLITEANDBETA

Maximum percent ~
in either as-

receivedor heat-
treatedspecimens

Maximum
quantity
pearlite
in as-

received
or heat-
treated

specimens
I

1-Wrought
Stellite21

95

IStellite2:
Cast

60

I High-
80I carbon

Stellite2

p“’////////I 422-19 Trace

I X-63 10 None

i!ol--=
t 61 40 h

None

t 20

t+%- o
None1 S-816 o

I
20 None

1
0 15
Approximate
percent

——.. — —— — .— —..—.— .—-— —.——-
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A,B,C,D,ESpecimengroups

25m
+

Btinequench

---- Furnacecoo13ng

.@lution-treatinglevel-
/ - \

QA I
4 ; 5

I I
I I
I I

1500

lCXXI

1
I I I
I I
I B,C,D I

I
2 I

C,D I
1

I I I I I I I I I I

w

Ill
2

K
I
I

$ I
2 4 I

I
I
:E

1! 1 ~
B lZ \E,

l!

f I
c

1
I
I
I
1
I
I
I
I
I

I

I
\
I
,1

D E
Ak 1 1 1 1 I I J I 1 1A& T

o~40 45 50.
Ols 20 25

Time,hr

Figure1.- Heat-treatmentappliedtofivegroupsofelevenalloyE.
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0
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F F,G Specimengroups

:1} -

----- Furnacecooling
— - Aircooling

Solutiontreatment
G

I-5

2000 .

~
$ 1

I F,G

~ 4 ;

e
1
I F,G

& 4 I
I

8 1
I
I
I FG

1.5CQ v I
16 I

I
1 F,G

4 I
I

I
I

F,G
4

II
I

F,GI8

1020 k f!v I I 1 I 1 hv
I 1 I 1 J

o15 20 25 40 45 50
Time,hr

Figure2.- Additionalheattreatment.GroupF: alloysX-63,6059,
ad 61j@?OUPG: alloyJ.

t
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(a)As-rolledcondition;etchantj5 percentaquaregiaI.nwater,
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(b)Solution-treated
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midquenched(heattreatmentA);etchant,5 percentHClInalcohol,

Xloo

(c)Solution-treated,titerruptedftnmaca
etchant,5 ~rcentaquaregiaInwater,

C-27880
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electrolytic.

X750
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Figure3.-JtLcmtructuree

r

.

ofrolledStelUte21.
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0
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Xloo X750

(a)As-east mnditlon; etohant, 5 peroentaquareglah water,electrolytic.

, —..,. J

- ‘1 “:
..

. ‘---- “o
.\.. .

L+ -.
,

r . .
f ‘“.. . .. ..-
Xmo

(b)Solution-treatedand
eleotrolytio.

quenched(heattreatment

‘.
‘-.

...
=.,

-’.., ‘?~--” t.* “’----

f’
-1’

X750

A);etohant,5 peroentHC1Inaloohol,

Xloo X7.543

(o)%lutlon-tratea,interruptedfurnaoaoooledto llOQOF, andquenohed(heat
etohant,5 percentaquaregiah water,eleotrolytio.

Figure4.- Microstruotures of cast Stellite 21.
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C-27881

treatmentE);
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(’
X750

water,electrolytic.

XI.00

(a) As-cast oonditlon;et chant, 5 peroentaquareghIn

.“. . W* .*
m .“ ‘J

6;
. “c?>

.

a’-? . ..

<

..>

y:<% ,

(, ‘

<

,.

X750

A);etchant, 5 percentHClin aloohol, r

. - -~

Xloo

(b)Solution-treatedendquenched(heat
electrolytic.

treatment

Xloo X750

(u)Solution-t-ted,interruptedfmmacecooledtoll~”F,andquenohed(heattreatmentE);
etchant,5 peroentaquaregiaInwater,electrolytic.

Figure5.-Microstructureofhigh-urbonStellite21. .
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Xloo X750

(a)As-cast coalition; etchant, 5 ~rcentaquareglatiwater,eleotrol@ic.

Xloo

(b)Solution-treatedand
water,eleotmly-tio.

%

quenched(heattreatment

k!cd
X750

A);etchant,5 ~rcentaquareglain

Xloo X750
.

(o)Solution-treatd,interruptedfurnauoooledto llOOO1?,andquenched(heattreatmentE);
et’chant,5 percentaquareglaInwater,electrolytic.

~um 6.-Mlcroatruotureaof422-19.
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Xloo X7%

(a)Aa-caatcondition;etohant,5 peroantaquareglainwater,electrolytic.
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& r-‘-’------“‘-’-- ———J-
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. ----’ >
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x-loo X750

(b)&lutlon-tmateaandquenohea(heattreatmentA); etchant, 5 percentHC1Inaloohol
electrolytic.

Xloo

(o)Solution-treated,interruptedfurnace
etchant,5 percentaquaregiatiwater,

Figure7.-

-=12iziLiz...-
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J
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electrolytic.

Mloroetructunma?X-63.



NAC!ATN 3109 39
,.

w

0
N
o
WI .?9

X750Xloo
(a) Aa-east conditfon;etchant,5 pmcentHC1in aloohol, el.eotrolytic.

.

2?.-
/- “-*’---= ‘t@+’I ““”-’ “

.S. -. <‘\ ( ., --”’l-; ,“ “--’ “’
t :<’ ,.. e-% ,’

.. ~ ?’ ..).. i“.>. ,; ,
.—”(

X750

etchant,5 2ercentHC1inalcohol,
moo

\b)Solution-treatedandquenchel(heattreatmentA);
electrolytic.

a-. .
● ..,

“.* .,, ‘.,, r
..,’

,.4 . . .. .
.

*
<q’

.C .
,. .-

.

Xloo C-27885 X750

1100°F,endquenched(beattreatmentE);(o)Solution-treated,interruptedfurnaoecooledto
etobant,5 pmnt HC1fialcoholje~ct~lfilo.
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XILoo X750

(c)Solution-treated,Interruptedfurnacecooledto 1100°F, andquenched(heattreatmentE);
etchsnt,5 pereentaquaregiainwater,electrolytfo.

Figure9.- Worostruoturesc&61.
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Xloo

(a)M-castcdtlm; etuhmt,5 peroentaquareglainwater,eleotromio.

Xmo X750

(b)H.eat-tmtedat2250
0 ~ ~ ~~ched (heattm~ent ‘);etAmt, 5 prcent

inwater,e~u~lfifc-

.

.

aquaregia

Xm3 C-27888 X750

(o)Heat-treatedat2250°F, hterruptd furmce cooled to 1100°l?,andquenohed(heattreat-
mmt E);5 ~~t aqua-a h Haterjekctro~ico

Figure11. - ~croatruotmsof~36.
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x-loo X750

(a)As-castcondition;etohant,10~rcentNaCNh water,electrolytic.

Xloo X750
(b)Heat-treatedat2250°F andquenched(heattreatmentA);etchant,10peruentNaCNh
water,electrolytic.

. (o) Heat-treatedat

mentE);etchant,

Xloo C-27889 X750

2250°F,interruptedfummcecooledto1100°F,andquenohed(heattreat-
5 percentHC1Inaloohol,electmlytio.

Figureu. -Mlcrmtructuresof8-816.
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Figure13.-MicrostructureofJ.
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(a) Rolled 6telllte21.

Stain etohant3; XIOCC

(b)Cat Sbellite21.
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St8in etchmt 3; X1003

stain etdmnt 2;~w

(c)RolledStellite21 (heattrm~ti E).

mgum I-3.- Continued. Micrmbruotures cU various ataln-etobedandbeat-tinbedepoimw.
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